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(54) Parallel linkage and artificial joint device using the same 



(57) There are provided an artificial joint device (2) 
that can realize an artificial limb enabling twisting motion 
without a drive source, and when with the drive source, 
reduce the size and costs of the device, and a parallel 
linkage that can realize the device. The linkage con- 
nects a foot portion (3) and a mounting plate (4a) spaced 
from each other. A fixed link (11) has one end fixed to 
the plate (4a), and the other end connected to the foot 
portion (3) via a ball joint (12), making the angle of the 
fixed link (11) relative to the foot portion changeable in 
any direction. Expansible links (13) extend between the 
foot portion (3) and the plate (4a) in an expansible/con- 
tractible manner and each have opposite ends connect- 
ed to the plate and the foot portion via respective upper 
and lower ball joints (14a,14b), making respective an- 
gles thereof relative to the foot portion and the plate 
changeable In any direction. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to an artificial joint de- 
vice and a parallel linkage, which are applied to an arti- 
ficial limb, such as a prosthetic limb or a limb of a robot. 

Description of the Prior Art 

[0002] Conventionally, an artificial joint device of the 
above-mentioned kind has been disclosed e.g. in Jap- 
anese Lald-Open Patent Publication (Kokal) No. 
11-345. The artificial joint device Is applied to an ankle 
Joint for connecting between a foot portion of an artificial 
leg and a leg portion of the same. The foot portion of the 
artificial leg has an upper end portion thereof formed 
with a through hole extending laterally. On the other 
hand, the leg portion of the artificial leg has a lower end 
thereof bifurcated into two arms to form a bracket with 
each arm having a hole formed therethrough at a loca- 
tion corresponding to an opening of the through hole ex- 
tending laterally through the foot portion. In this artificial 
joint device, a shaft is fitted through the holes of the 
bracket and the through hole of the foot portion, which 
are aligned with each other, whereby the foot portion 
and the leg portion are capable of performing pivotal mo- 
tion with respect to each other about a horizontal axis, 
only in the front-rear direction. 

[0003] According to the above conventional artificial 
joint device, since the foot portion and the leg portion 
are allowed to perform pivotal motion with respect to 
each other about the horizontal axis, only in the front- 
rear direction, even when a person wearing the artificial 
leg tries to turn left or right while walking, the ankle joint 
portion cannot be twisted, which makes the turning mo- 
tion difficult to perform. A combination of a serial linkage 
having three or more degrees of freedom and electric 
motors, used as a joint portion of a limb of a robot, is 
known as an artificial joint device capable of performing 
the twisting motion. However, this kind of artificial joint 
device needs at least three electric motors so as to en- 
sure the three or more degrees of freedom and at the 
same time support the weight of the components of the 
robot. This increases the size of a power supply and that 
of the whole device, resulting in increased manufactur- 
ing costs of the device. Further, the increased device 
size and the necessity of the power supply make it dif- 
ficult to apply the device to a prosthetic limb. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the invention to provide an ar- 
tificial joint device which makes it possible to realize a 
prosthetic limb or the like capable of performing twisting 
motion wtthout a drive source, and if the drive source is 
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provided, achieve reduction of both the size and manu- 
facturing costs of the artificial joint device itself, and a 
parallel linkage which makes it possible to realize the 
artificial joint device. 

[0005] To attain the above object, according to a first 
aspect of the invention, there is provided a parallel link- 
age for connecting two link mounting portions spaced 
from each other, comprising: 

a fixed link having one end thereof fixed to one of 
the link mounting portions; 

a fixed-link joint for connecting another end of the 
fixed link to another of the link mounting portions 
such that an angle of the fixed link with respect to 
the another of the link mounting portions can be 
changed in any desired direction; 
a plurality of expansible links extending between 
the two link mounting portions In an expansible/con- 
Iractible manner; and 

a plurality of expansible-link joints respectively con- 
necting opposite ends of the plurality of expansible 
links to the link mounting portions such that respec- 
tive angles of each expansible link with respect to 
the link mounting portions can be changed in any 
desired direction. 

[0006] According to this parallel linkage, one end of 
the fixed link is fixed to one of the link mounting portions. 
Therefore, by making the fixed link solid and robust, it 
is possible to bear most of compressive load or tensile 
load applied to at least one of the link mounting portions 
by the fixed link. In addition, since each of the plurality 
of expansible links has the opposite ends thereof con- 
nected to the two link mounting portions via expansible- 
link joints associated therewith, respectively, such that 
the angles thereof with respect to the respective link 
mounting portions can be changed in any desired direc- 
tion, no bending stress is applied to the expansible links, 
but only compressive load and/or tensile load are ap- 
plied to the same. This makes it possible to use expan- 
sible links having relatively low strength and rigidity, 
thereby reducing the weight of the parallel linkage. Fur- 
ther, the other end of the fixed link and the opposite ends 
of the expansible links are each connected to the corre- 
sponding link mounting portion via the fixed-link joint or 
the expansible-link joint such that the angle thereof with 
respect to the link mounting portion can be changed in 
any desired direction, which ensures a high degree of 
freedom in the angle of relative motion between the two 
link mounting portions to thereby enable e.g. twisting 
motion therebetween. 

[0007] Preferably, the parallel linkage further compris- 
es urging members provided in the plurality of expansi- 
ble finks, respectively, each for urging a corresponding 
one of the expansible links in at least one opposite di- 
rection to directions in which the expansible link ex- 
pands and contracts, when the expansible link expands 
and contracts. 
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[0008] According to this preferred embodiment, since 
each expansible link is urged by the corresponding urg- 
ing member in a direction or directions opposite to the 
expanding direction and/or the contracting direction, it 
is possible to reduce shock transmitted between the two 
link mounting portions via the expansible links, by the 
urging forces. Further, as the amount of contraction or 
expansion of the expansible link is larger, the urging 
force of the corresponding urging member is increased, 
so that the movable range of the expansible link can be 
properly limited so as to prevent the link mounting por- 
tions from moving more than necessary. As a result, 
even when the link mounting portions are moved e.g. 
along a curved surface or a three-dimensional object, it 
is possible to prevent occurrence of wobbling, thereby 
maintaining excellent follow-up performance. 
[0009] Preferably, the fixed link includes a shock-ab- 
sorbing member for absorbing shock transmitted be- 
tween the two link mounting portions. 
[0010] According to this preferred embodiment, it is 
possible to absorb shock transmitted between the two 
link mounting portions via the fixed link, by the shock- 
absorbing member. 

[0011] Preferably, the plurality of expansible links are 
at least three expansible links. 

[001 2] According to this preferred embodiment, since 
the two link mounting portions are connected to each 
other via at least three erpansible links and the fixed 
link, when the expansible links are each actuated e.g. 
by an actuator for expansion and contraction, it is pos- 
sible to actuate the exp Jble links in a manner such 
that the expansible links twist the two link mounting por- 
tions in respective opposite rotating directions. 
[0013] More preferably, the at least three expansible 
links are arranged such that connecting portions thereof 
connected to at least one of the two link mounting por- 
tions are not in a line on the at least one of the two link 
mounting portions, and that a connecting portion of the 
fixed link is positioned within a polygon defined by the 
connecting portions of the at least three expansible links 
as vertexes. 

[0014] According to this preferred embodiment, since 
the at least three expansible links are arranged such that 
connecting portions thereof connected to at least one of 
the two link mounting portions are not in a line on the 
link mounting portion, and that a connecting portion of 
the fixed link is positioned within a polygon defined by 
the connecting portions of the at least three expansible 
links as vertexes, it is possible to make compact in size 
the parallel linkage capable of twisting the two link 
mounting portions in the respective opposite rotating di- 
rections as described above. Further, a driving force re- 
quired for causing the twisting operation can be re- 
duced, which contributes to enhancement of operating 
efficiency. 

[0015] More preferably, the parallel linkage further 
comprises a drive source, actuators each for actuating 
a corresponding one of the at least three,expansible 



links for expansion and contraction by a driving force 
supplied from the drive source, and control means for 
controlling the driving force supplied to the each actua- 
tor from the drive source. 

5 [0016] According to this preferred embodiment, since 
the control means can control expansion and contrac- 
tion of each of the at least three expansible links via the 
actuator, it is possible to actuate the expansible links to 
twist the two link mounting portions in the respective op- 
to poslte rotating directions as described above, and 
hence the parallel linkage can be applied to a robot and 
an industrial machine necessitating such twisting mo- 
tions. Further, as described hereinbefore, when the 
fixed link is made solid and robust, the fixed link can 

'5 bear most of compressive load and tensile load applied 
to at least one of the link mounting portions^ which en- 
ables reduction of the driving forces supplied to the ac- 
tuators for actuating the expansible links, thereby con- 
tributing to reduction of energy consumption. 

20 [0017] Further preferably, the actuator is an electric 
actuator configured to produce regenerative power 
when the corresponding expansible link is expanded 
and contracted by an external force, and the parallel 
linkage further comprises an accumulator for storing the 

25 regenerative power produced by the electric actuator 
[0018] According to this preferred embodiment, since 
the electric actuators are capable of producing regener- 
ative power when the expansible links are expanded 
and contracted by external forces, it is possible to utilize 

50 the regenerative power as electric power for driving the 
electric actuators. This makes it possible to reduce both 
the size of a power supply and the running costs, which 
contributes to reduction of manufacturing costs of the 
parallel linkage. 

35 [0019] To attain the above object, according to a sec- 
ond aspect of the invention, there is provided an artificial 
joint device comprising: 



40 



two limb members spaced from each other; and 
a parallel linkage connecting the two limb members. 



[0020] According to this artificial joint device, since 
the two limb members are connected by the parallel link- 
age, it is possible to enhance the degree of freedom in 

45 the angle of relative motion between the two limb mem- 
bers to a level similar to that of a Joint of a living body, 
which has been unattainable by the artificial joint device 
of the conventional artificial leg. Further, differently from 
an artificial joint device of a serial linkage type conven- 

50 tionally used e.g. in a robot, the artificial joint device ac- 
cording to this aspect of the invention can be realized 
without using any power supply or electric motor, but by 
using the parallel linkage which is simpler and less ex- 
pensive than the serial linkage. 

55 [0021] Preferably the parallel linkage comprises a 
fixed link having one end thereof fixed to one of the limb 
members, a fixed-link joint for connecting another end 
of the fixed link to another of the limb members such 
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that an angle of the fixed link with respect to the another 
of the limb members can be changed in any desired di- 
rection, a plurality of expansible links extending be- 
tween the two limb members in an expansible/contract- 
ible manner, and a plurality of expansible-link joints re- 
spectively connecting opposite ends of the plurality of 
expansible links to the limb members such that respec- 
tive angles of each expansible link with respect to the 
limb members can be changed in any desired direction. 
[0022] According to this preferred embodiment, the 
same advantageous effects as provided by the above 
parallel linkage can be obtained. More specifically, it is 
possible to reduce the weight of the artificial joint device 
and achieve a high degree of freedom of the same. 
Therefore, when the artificial joint device is applied e.g. 
to an ankle joint of an artificial leg, it is possible to reduce 
the weight of the artificial leg, and at the same time, dif- 
ferently from the artificial joint of the conventional artifi- 
cial leg, the artificial joint of the preferred embodiment 
enables a user to perform e.g. twisting motion or the like 
between a leg portion and a foot portion, similarly to an 
ankle joint of a living leg, while support his weight by the 
artificial leg. This enables the user to perform smoother 
and more natural motion not only in walking straight 
ahead but also in turning left or right while walking. Sim- 
ilarly, when the artificial joint device is applied e.g. to a 
wrist joint of an artificial arm, the weight of the artificial 
arm can be reduced, and at the same time, the artificial 
joint enables twisting motion or the like to be performed 
between an arm portion and a hand portion. In short, the 
artificial joint makes it possible to enhance the degree 
of freedom in the angle of motion between the arm por- 
tion and the hand portion. 

[0023] More preferably, the artificial joint device fur- 
ther comprises urging members provided in the plurality 
of expansible links, respectively, each for urging a cor- 
responding one of the expansible links in at least one 
opposite direction to directions In which the expansible 
link expands and contracts, when the expansible link ex- 
pands and contracts. 

[0024] According to this preferred embodiment, the 
same advantageous effects as provided by the above 

parallel linkage can be obtained. More specifically, it is 
possible to absorb shock transmitted between the two 
limb members via the expansible links. Therefore, when 
the artificial joint device Is applied e.g. to an ankle joint 
of an artificial leg, the urging members serve to soften 
shock transmitted from the artificial leg to a user's living 
body via the expansible links when the user puts the ar- 
tificial leg on a floor, a road surface, or the like {herein- 
after simply referred to as "the floor"), to thereby reduce 
burden on the user wearing the artificial leg. In addition, 
if the urging members urge the respective expansible 
links when they contract, in a direction opposite to the 
contracting direction, when the user Is lifting the artificial 
leg up from the floor while walking, urging forces urging 
the artificial leg to kick against the floor can be obtained, 
and hence it is possible to reduce a kicking force from 



the walking living body, thereby further reducing burden 
on the user wearing the artificial leg, and enabling the 
user to perform smoother walking motion. Further, even 
when the walking motion demands the angle of the an- 
5 kle to follow up a road surface and a proper holding force 
. of the ankle joint, e.g. in the case of walking up or down 
aslope, the demanded follow-up performance and hold- 
ing force can be ensured by the urging forces of the urg- 
ing members. 

10 [0025] More preferably, the fixed link includes a 
shock-absorbing member for absorbing shock transmit- 
ted between the two limb members. 
[0026] According to this preferred embodiment, the 
same advantageous effects as provided by the above 

15 parallel linkage can be obtained. More specifically, it is 
possible to absorb shock transmitted between the two 
limb members via the fixed link. Therefore, when the ar- 
tificial joint device is applied e.g. to an artificial leg, it is 
possible to soften shock transmitted from the artificial 

20 leg to a user's living body via the fixed link when the user 
puts the artificial leg on the floor, to thereby further re- 
duce the burden on the user of the artificial leg. 
[0027] More preferably, the plurality of expansible 
links are at least three expansible links. 

25 [0028] According to this preferred embodiment, the 
same advantageous effects as provided by the above 
parallel linkage can be obtained. More specifically, when 
the expansible links are each driven e.g. by an actuator 
for expansion and contraction, it is possible to operate 

30 the expansible links to twist the two limb members in 
respective opposite rotating directions, and realize an 
automatically controlled artificial joint device having 
such a twisting capability 

[0029] Further preferably, the at least three expansl- 
35 ble links are arranged such that connecting portions 
thereof connected to at least one of the two limb mem- 
bers are not in a line on the at least one of the two limb 
members, and that a connecting portion of the fixed link 
is positioned within a polygon defined by the connecting 
40 portions of the at least three expansible links as vertex- 
es. 

[0030] According to this preferred embodiment, the 
same advantageous effects as provided by the above 
parallel linkage can be obtained. More specifically, it is 

45 possible to make compact In size the automatically con- 
trolled artificial joint device capable of twisting the two 
limb members in the respective opposite rotating direc- 
tions. Further, a driving force required for causing the 
twisting motion can be reduced, which contributes to en- 

50 hancement of operating efficiency. 

[0031 ] Further preferably, the artificial joint device fur- 
ther comprises a drive source, actuators each for actu- 
ating a corresponding one of the at least three expansi- 
ble links for expansion and contraction by a driving force 

55 supplied from the drive source, and control means for 
controlling the driving force supplied to the each actua- 
tor from the drive source. 

[0032] According to this preferred embodiment, the 
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same advantageous effects as provided by the above 
parallel linkage can be obtained. More specifically, it is 
possible to twist the two linnb members in the respective 
opposite rotating directions. Therefore, when the artifi- 
cial joint device is applied e.g. to an ankle joint of an 
artificial leg, it is possible to enable the user to perfomi 
twisting of an ankle thereof and smooth turning motion 
in walking, as well as to realize an automatically control- 
led artificial leg having such a twisting capability. Fur- 
ther, when the artificial joint device is applied to a joint 
at the ball of the foot of the artificial leg, the artificial leg 
enables still smoother turning motion in walking, so that 
it is possible to approximate the motion of the automat- 
ically controlled artificial leg to that of a living leg. Be- 
sides, by making the fixed link solid and robust, as de- 
scribed hereinbefore, it is possible to cause the fixed link 
to bear toad from the weight of a user, which enables 
reduction of the driving forces supplied to the actuators, 
thereby contributing lo reduction of energy consumption 
by the automatically controlled artificial leg. Similarly, 
when the artificial joint device is applied to a wrist joint 
or a joint at a thenar of an artificial arm, it is possible to 
realize an automatically controlled artificial hand or arm. 
The use of the artificial joint device makes it possible 
not only to approximate the motion of the artificial hand 
or arm to that of a living hand or arm, but also to reduce 
energy consumption. Further, when the artificial joint de- 
vice is applied to a limb of a robot, it is also possible to 
obtain the same effects as described above. 
[0033] Even more preferably, the actuator is an elec- 
tric actuator configured to produce regenerative power 
when the corresponding expansible link Is expanded 
and contracted by an external force, and the artificial 
joint device further comprises an accumulator for storing 
the regenerative power produced by the electric actua- 
tor. 

[0034] According to this preferred embodiment, the 
same advantageous effects as provided by the above 
parallel linkage can be obtained. Therefore, when the 
artificial joint device is applied to a prosthetic limb or a 
limb of a robot, It is possible to reduce both the size of 
the power supply and running costs, which contributes 
to reduction of costs of the prosthetic limb or the robot. 
[0035] Even more preferably, the artificial joint device 
is used in at least one of an artificial leg and an artificial 
arm, and further comprises operating will-detecting 
means for detecting a user's operating will lo operate 
the at least one of the artificial leg and the artificial arm, 
and the control means controls the actuators according 
to the sensed operating will. 

[0036] According to this preferred embodiment, oper- 
ating will of a user using the artificial leg and/or the ar- 
tificial amn is detected by the operating will-detecting 
means, and the actuators are controlled by the control 
means according to the sensed operating will. In gener- 
al, the motion of a joint of a living body, particularly the 
motion of a joint of a limb Is complicated, so that when 
a parallel linkage using actuators Is used to imitatlvely 



realize the complicated motion, it is impossible to control 
the parallel linkage directly by an instruction or the like 
from a user's brain. For this reason, a control system is 
needed to detect the user's operating will from opera- 

5 tlons of the user's brain, nerves, and/or muscles and 
control the parallel linkage according to the sensed op- 
erating will. Therefore, the artificial joint device makes 
it possible to cause the motion of the automatically con- 
trolled artificial leg and/or artificial ann to match orcon- 

10 form with a motion Intended by the user, thereby en- 
hancing convenience of the artificial leg and/or artificial 
arm. 

[0037] Preferably the parallel linkage comprises an 
inexpansible movable link extending between the two 

?5 limb members, and two movable-link joints for connect- 
ing opposite ends of the inexpansible movable link to 
the two limb members, respectively, such that respec- 
tive angles of the inexpansible movable link with respect 
to the limb members can be changed in any desired di- 

20 rection. 

[0038] According to this preferred embodiment, since 
the opposite ends of the Inexpansible movable link are 
connected to the two limb members, respectively, such 
that respective angles of the inexpansible movable link 

^5 with respect to the limb members can be changed in any 
desired direction, it is possible to maintain a constant 
distance between the portions of the respective limb 
members connected to the inexpansible movable link 
as well as to constrain a superfluous degree of freedom 

30 of the parallel linkage and limit unnecessary motion of 
the same. 

[0039] Preferably the artificial joint device is used for 
a hallux portion, andthe parallel linkage includes at least 
three expansible links extending between the two limb 

35 members in an expansible/contractible manner, and a 
plurality of expansible-link joints respectively connect- 
ing opposite ends of the at least three expansible links 
to the limb members such that respective angles of each 
expansible link with respect to the limb members can be 

40 changed in any desired direction, the artificial joint de- 
vice further comprising a drive source, actuators each 
for actuating a corresponding one of the at least three 
expansible links for expansion and contraction by a driv- 
ing force supplied from the drive source, and control 

45 means for controlling the driving force supplied to the 
each actuator from the drive source. 
[0040] Preferably the artificial joint device Is used for 
a thumb portion, and the parallel linkage includes at 
least three expansible links extending between the two 

so limb members in an expansible/contractible manner, 
and a plurality of expansible-link joints respectively con- 
necting opposite ends of the at least three expansible 
links to the limb members such that respective angles 
of each expansible link with respect to the limb members 

55 can be changed in any desired direction, the artificial 
joint device further comprising a drive source, actuators 
each for actuating a corresponding one of the at least 
three expansible links for expansion and contraction by 
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a driving force supplied from the drive source, and con- 
trol means for controlling the driving force supplied to 
the each actuator from the drive source. 
[0041] According to these preferred embodiments, 
since the opposite ends of each of the at least three ex- 
pansible links are respectively connected to the limb 
members such that respective angles of the expansible 
linl< with respect to the limb members can be changed 
in any desired direction, it is possible to achieve a high 
degree of freedom of a joint at the ball of the foot (joint 
to a hallux (big toe)) or a joint at a thenar (joint to a 
thumb). In addition, since the operations of the actuators 
actuating the respective expansible links are controlled 
by the control means, it is possible to realize an auto- 
matically controlled joint at the ball of the foot or at the 
thenar. Therefore, when the artificial joint device Is ap- 
plied to a joint at the ball of the foot (joint to a hallux) of 
an artificial foot or leg, the motion of the hallux which 
plays an important role in turning motion of the artificial 
foot or leg performed during walking, can be approxi- 
mated to that of a living hallux. Thus, it is possible to 
approximate the walking motion, including turning mo- 
tion, of the automatically controlled artificial foot or leg 
to that of a living foot or leg, thereby enabling smooth 
walking motion of the artificial foot or leg. Similarly, when 
the artificial joint device is applied to a joint at a thenar 
(joint to athumb) of an artificial hand or arm, it is possible 
to approximate the degree c*" freedom in the motion of 
the automatically controlled rrtificial hand or arm to that 
of a living hand or arm. Further, when the artificial joint 
device is applied to a joint limb of a robot, it is pos- 
sible to obtain the same advantageous effects as de- 
scribed above. 

[0042] More preferably, the parallel linkage comprises 
an inexpansible movable link extending between the 

two limb members, and two movable-link joints for con- 
necting opposite ends of the inexpansible movable link 
to the two limb members, respectively, such that respec- 
tive angles of the inexpansible movable link with respect 
to the limb members can be changed in any desired di- 
rection. 

[0043] According to this preferred embodiment, the 
same advantageous effects as described above can be 
obtained. In addition, since it is possible to bend the joint 
to the hallux or thumb without changing the length of the 
hallux or thumb, the motion of the hallux orthenar of the 
automatically controlled prosthetic limb can be further 
approximated to that of the living hallux or thumb. 
[0044] More preferably, the control means controls 
the driving force supplied to the each actuator from the 
drive source such that a distance between the two limb 
members is held constant. 

[0045] According to this preferred embodiment, it is 
possible to further approximate the motion of the joint to 
the hallux or thumb of the automatically controlled pros- 
thetic limb to that of the living hallux or thumb without 
increasing component parts of the prosthetic limb in 
number. 



[0046] The above and other objects, features, and ad- 
vantages of the invention will become more apparent 
from the following detailed description taken in conjunc- 
tion with the accompanying drawings. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0047] 

10 FIG. 1 is a view schematically showing the con- 
struction of a right artificial leg incorporating an ar- 
tificial joint device including a parallel linkage ac- 
cording to a first embodiment of the invention; 
FIG. 2 is a plan view showing the positional relatlon- 

75 ship on a mounting plate between four upper ball 
joints and a connecting portion of a fixed link; 
FIG. 3A is a front view of the right artificial leg in a 
detached state; 

FIG. 3B is a rear view of the right artificial leg in the 
20 detached state; 

FIG. 4 is a side view of the right artificial leg in the 
detached state; 

FIG. 5A is a side view of the right artificial leg in a 
state in which an ankle joint thereof is bent forward 

25 during walking; 

FIG. 5B is a side view of the right artificial leg in a 
state in which the ankle joint is bent backward; 
FIG. 6A is a front view of the right artificial leg in a 
state in which the ankle joint is bent leftward during 

30 walking; 

FIG. 68 is a front view of the right artificial leg in a 
state in which the ankle joint is bent rightward; 
FIGS. 7A and 78 are perspective views of the right 
artificial teg in a state in which the ankle joint is twist- 

35 ed leftward when leftward turning motion is per- 
formed during walking; 

FIG. 8 is a view schematically showing the con- 
struction of an artificial leg incorporating an artificial 
joint device according to a second embodiment of 

40 the invention; 

FIG. 9A is a view schematically showing the con- 
struction of an automatically controlled artificial leg 
incorporating an artificial joint device according to 
a third embodiment of the invention; 

45 FIG. 9B is a view schematically showing the con- 
struction of a parallel linkage for a joint at the ball of 
the foot; 

FIG. 10 is a view schematically showing the whole 
arrangement of a control system for controlling ar- 

50 tificial legs; 

FIGS. 11 A and 11 B are views useful in explaining 
operation of an electrically-driven artificial muscle; 
FIG. 1 2A is a perspective view showing the appear- 
ance of an electrically-driven expansible link; 

55 FIG. 12B is a cross-sectional view of the FIG. 12A 

electrically-driven expansible link; 
FIG. 1 2C is a perspective view schematically show- 
ing the arrangement of an electric linear motor; 
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FIG 13 is a view schematically showing a variation 
of the artificial joint device according to the third em- 
bodiment of the invention; and 
FIG. 14 is a view schematically showing the con- 
struction of an automatically controlled artificial ami 
incorporating an artificial joint device according to 
a fourth embodiment of the invention. 



DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 



[0048] The invention will now be described in detail 
with reference to drawings showing preferred embodi- 
ments thereof. 

[0049] Referring first to FIG. 1 , there is schematically 
shown the construction of an artificial leg 1 in which an 
artificial joint device 2 including a parallel linkage ac- 
cording to a first embodiment of the invention is applied 
to an ankle joint thereof. In the following description, the 
left and right sides and the front and rear sides as viewed 
from a user wearing the artificial leg are referred to as 
the left and right sides and the front and rear sides, re- 
spectively (more specifically, the left and right sides as 
viewed in FIG. 1 are referred to as the front and rear 
sides, respectively, and the front and rear sides as 
viewed in the same are referred to as the left and right 
sides, respectively). 

[0050] As shown in the figure, the artificial leg 1 is a 
type attached to an under-knee leg portion of a living 
body, and used for a right leg. The artificial leg 1 includes 
a foot portion 3 and a leg mounting portion 4, the artificial 
joint device 2 connecting these portions by a parallel 
linkage 10, and a covers. The whole of the artificial teg 
1 , including the artificial joint device 2, Is covered with 
the cover 5, such that it has an appearance generally 
similar to that of a living leg. 

[0051] The foot portion 3 (link mounting portion, limb 
member) is similar in shape to a living foot, and has a 
flat upper end face. The leg mounting portion 4 is com- 
prised of a flat mounting plate 4a and a prosthetic liner 
4b. In attaching the artificial leg 1 to a living under-knee 
leg portion, not shown, of the user, the mounting plate 
4a (link mounting portion, limb member) is connected to 
the living under-knee leg portion via a fastener, not 
shown, with the prosthetic liner 4b interposed between 
the under-knee leg portion and the mounting plate 4a 
itself. The prosthetic liner 4b is formed e.g. of porous 
silicon. When the mounting plate 4a is connected to the 
living under-knee leg portion, the prosthetic liner 4b de- 
fomns toconform to the under-knee leg portion and com- 
bine the under-knee leg portion and the mounting plate 
4a in a state in which they are kept from direct contact 
with each other. This makes it possible to reduce unnat- 
ural and unpleasant feeling of the user, thereby enhanc- 
ing his feeling of wearing the artificial leg. 
[0052] The parallel linkage 1 0 includes one fixed link 
1 1 and four expansible links 1 3. The fixed link 1 1 has an 
upper end thereof fixed to the mounting plate 4a and a 



lower end thereof connected to the foot portion 3 via a 
ball joint 12 (fixed-link joint). This construction enables 
the fixed link 11 to pivotally move in any desired direction 
with respect to the foot portion 3. In short, the fixed link 

5 11 has at least three degrees of freedom. 

[0053] Each of the four expansible links 1 3 has an up- 
per end thereof connected to the mounting plate 4a via 
an upperball joint 14a (expansible-linkjolnt)anda lower 
end thereof connected to the foot portion 3 via a lower 

^0 ball joint 14b (expansible-link joint). Each adjacent two 
of the four expansible links 13 is arranged such that a 
space (or distance) between them is progressively re- 
duced either in an upward direction or in a downward 
direction. More specifically, the right and left expansible 

'5 links 13, 13 on the front side are arranged with a space 
therebetween progressively decreased in the upward 
direction, and the upper ball joints 14a, 14a at the re- 
spective upper ends of the two expansible links 13, 13 
are arranged on the lower surface of the mounting plale 

20 4a at respective locations close to each other. On the 
other hand, each two expansible links 13, 13 in the front- 
rear direction are arranged with a space (distance) ther- 
ebetween progressively decreased in the downward di- 
rection, and the lower ball joints 14b, 14b at the respec- 

25 tive lower ends of the two expansible links 13. 13 are 
arranged on the flat upper end face of the foot portion 3 
at respective locations close to each other. 
[0054] Further, as shown in FIG. 2, the four upper ball 
joints 14a connecting the respective upper ends of the 

30 four expansible links 13 to the mounting plate 4a are 
positioned on the lower surface of the mounting plate 
4a such that they are not arranged in a line, and that a 
connecting portion of the fixed link 1 1 via which the fixed 
link 11 is connected to the mounting plate 4a Is located 

35 within a quadrilateral defined by the upperball joints 1 4a 
as vert exes. 

[0055] Each of the expansible links 13 is comprised 
of upper and lower cylinders 1 3a, 13b slidably fitted to 
each other and a coil spring 13c received within the cyl- 

40 inders 13a, 13b. The lower cylinder 13b is smaller in di- 
ameter than the upper cylinder 13a and fitted in a bore 
of the upper cylinder 1 3a. This construction enables the 
two cylinders 13a, 13b to slide relative to each other in 
an axial direction, and thereby enables the expansible 

45 link 1 3 to axial ly expand and contract. 

[0056] Further the upper cylinder 13a has an upper 
end thereof closed by a lid, not shown, to which is at- 
tached the upper end of the coil spring 13c. Similarly, 
the lower cylinder 13b has a lower end thereof closed 

50 by a lid, not shown, to which is attached the lower end 
of the coil spring 13c. According to this construction, 
when the expansible link 13 expands to a larger length 
than a predetermined reference length, the coil spring 
1 3c (urging member) is pulled and stretched by the mo- 

55 tion of the expansible link 13, to urge the expansible link 
13 in a contracting direction. On the other hand, when 
the expansible link 13 contracts to a smaller length than 
the predetermined reference length, the coil spring 13c 
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is compressed by the motion of the expansible link 13, 
to urge the expansible link 1 3 in an expanding direction. 
[0057] The operation of the artificial leg 1 constructed 
as above will be described with reference to FIGS. 3A 
to 73. It should be noted that in the artificial leg 1 shown 
in the figures, a shoe 6 is fitted on the foot portion 3, and 
the cover 5 and the prosthetic liner 4b are omitted for 
clarity. Further, in the figures, the living under-l<nee leg 
portion to which the artificial leg 1 Is attached is omitted 
from illustration. 

[0058] First, in a state detached from the living under- 
knee leg portion, the artificial leg 1 is held in a substan- 
tially erected state by the urging force of the coll spring 
13c within each expansible link 13 as shown in FIGS. 
3A, 3B and 4. As illustrated in FIG. 4, assuming that a 
front expansible link 1 3 performs pivotal motion freely 
about the corresponding lower ball joint 14b, the center 
of the upper ball joint 1 4a at the upper end of the expan- 
sible link 13 may be expected to move in a circular arc 
shown by a broken line, but actually, it moves in a cir- 
cular arc shown by a solid line, more specifically along 
a circular arc drawn with the lower ball joint 12 of the 
fixed link 11 as its center. Accordingly, the front expan- 
sible link 13 is compressed when the artificial leg 1 tilts 
forward from a position shown in FIG. 4, and expanded 
when the artificial leg 1 tilts backward. In these opera- 
tions, since the upper and lower ends of the expansible 
link 13 are connected to the mounting plate 4a and the 
foot portion 3, respectively, via the upper and lower ball 
joints 14a, 14b, no bending stress is applied to the front 
expansible links 13, but only compressive load and/or 
tensile load are applied to the same. 
[0059] Similarlytothefrontexpansibielink 13, assum- 
ing that a rear expansible link 13 performs pivotal motion 
freely about the corresponding lower ball joint 14b, the 
center of the upper ball joint 1 4a at the upper end of the 
expansible link 1 3 may be expected to move in a circular 
arc shown by a broken line, but actually, it moves in a 
circular arc shown by a solid line, more specifically along 
a circular arc drawn with the lower ball joint 12 of the 
fixed link 11 as its center. Accordingly, the rear expan- 
sible link 13 is also compressed when the artificial leg 1 
tilts forward from the position shown in FIG. 4, and ex- 
panded when the artificial leg 1 tilts backward. In these 
operations, for the same reason as described above, no 
bending stress is applied to the rear expansible links 1 3, 
but only compressive load and/or tensile load are ap- 
plied to the same. 

[0060] Therefore, when the user wearing the artificial 
leg 1 at the living under-knee leg portion tilts the under- 
knee leg portion forward while walking, as shown in FIG. 
5A, the four expansible links 13 are all compressed as 
described above. At this time point, since the lower ball 
joints 1 4b of the four expansible links 1 3 are positioned 
at the respective locations forward of the ball joint 12 of 
the fixed link 1 1 , the urging forces of the four coil springs 
13c act to cause the foot portion 3 to pivotally move to- 
ward a floor about the ball joint 12 of the fixed link 11, 



while reaction forces from the floor act to push the living 
under-knee leg portion in an obliquely upward and for- 
ward direction. As a result, motion of kicking against the 
floor by the artificial leg 1 is promoted, which enables 

5 nimbler and smoother walking motion. 

[0061] On the other hand, when the user tilts the un- 
der-knee leg portion backward while walking, as shown 
in FIG. 5B, the four expansible links 1 3 are all expanded 
as described above. At this time point, since the lower 

10 ball joints 14b of the four expansible links 13 are posi- 
tioned as described above, the urging forces of the four 
coil springs 1 3c act to cause the fixed link 1 1 to pivotally 
move forward about the ball joint 1 2 thereof. As a result, 
motion of moving the knee forward is promoted, which 

15 enables nimbler and smoother walking motion. 

[0062] Further, as shown in FIG. 6A, when the under- 
knee leg portion is tilted leftward, two expansible links 
13 on the left side are both compressed, while two ex- 
pansible links 13 on the right side are both expanded. 

20 This occurs because the center of the upper ball joint 
14a of each expansible link 13 moves in a circular arc 
about the lower ball joint 1 2 at the lower end of the fixed 
link 1 1 as described above. At .this time point, the urging 
forces of the four coil springs 1 3c act to cause the fixed 

25 link 1 1 to pivotally move rightward about the ball joint 1 2 
thereof. In short, the urging forces act to return the fixed 
link 11 to the state shown in FIGS. 3A, 3B. 
[0063] On the other hand, as shown in FIG. SB, when 
the under-knee leg portion is tilted rightward. two expan- 
se sible links 13 on the right side are both compressed, 
while two expansible links 13 on the left side are both 
expanded. At this time point, the urgingforces of the four 
coil springs 1 3c act to cause the fixed link 1 1 to pivotally 
move leftward about the ball joint 1 2 thereof. In short, 

35 the urging forces act to return the fixed link 11 to the 
state shown in FIGS. 3A, 3B. 

[0064] Further when the under-knee leg portion is tilt- 
ed leftward and twisted about the foot portion 3 as 
shown in FIGS. 7A, 7B so as to turn left, the urging forc- 
40 es of the four coil springs 1 3c act to return the same to 
the state shown in FIGS. 3A, 3B while twisting the fixed 
link 11 rightward. 

[0065] According to the above parallel linkage 1 0, the 
upper end of the fixed link 11 is fixed to the mounting 

45 plate 4a. Therefore, by making the fixed link 11 solid and 
robust, it is possible to bear most of the user's weight 
acting on the mounting plate 4a or most of the reaction 
force that the foot portion 3 receives from the floor. In 
addition, since each of the four expansible links 13 has 

50 the upper and lower ends thereof connected to the 
mounting plate 4a and the foot portion 3 via the ball joints 
14a, 14b, respectively, such that the angle thereof with 
respect to the mounting plate 4a or the foot portion 3 
can be changed in any desired direction, no bending 

55 stress is applied to the expansible links 13^ but only com- 
pressive load and/or tensile load are applied to the 
same. This makes it possible to use expansible links 13 
having relatively low strength and rigidity, thereby reduc- 
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ing the weight of the parallel linkage 1 0. Further, the 
fixed link 11 has the lower end thereof connected to the 
foot portion 3 via the ball joint 12 such that the angle 
thereof with respect to the foot portion 3 can be changed 
in any desired direction, which ensures a high degree 
of freedom in the angle of relative motion between the 
living under-knee leg portion and the foot portion 3, to 
thereby enable e.g. twisting motion of the ankle joint. 
[0066] Further, according to the parallel linkage 10, 
each of the coil springs 1 3c urges the corresponding ex- 
pansible link 13 in a direction opposite to the expanding 
direction or the contracting direction of the spring 13c, 
which makes it possible to reduce shock transmitted to 
the living body via the expansible links 13. Furthermore, 
as described hereinabove, when the user tilts the under- 
knee leg portion forward while walking, the urging forces 
of the coil springs 13c promote the motion of kicking 
against the floor by the foot portion 3, and when the user 
tilts the under-knee teg portion backward, the urging 
forces of the coil springs 1 3c promote the motion of mov- 
ing the knee forward, so that walking motion can be per- 
formed more nimbly and smoothly. Moreover, even 
when the walking motion demands the angle of the an- 
kle to follow up a road surface and a proper holding force 
of the ankle joint, e.g. in the case of walking up or down 
a slope, the demanded follow-up performance and hold- 
ing force can be ensured by the urging forces of the coil 
springs 13c. 

[0067] Therefore, the artificial joint device 2 using the 
parallel linkage 10 constructed as above makes it pos- 
sible to enhance the degre . freedom in the angle of 
motion of the ankle joint to a level similar to that of an 
ankle joint of a living leg, which has been unattainable 
by the artificial joint device of the conventional artificial 
leg, to thereby enable the artificial leg 1 to smoothly per- 
form turning motion and the like. Moreover, differently 
from an artificial joint device of a serial linkage type con- 
ventionally used e.g. in a robot, the artificial joint device 
2 can realized by using the parallel linkage 10 which is 
simpler, less expensive, and smaller in size than the se- 
rial linkage, without using power supply or electric motor. 
[0068] Although in the parallel linkage 1 0 of the above 
first embodiment, the lower end of the fixed link 11 and 
the upper and lower ends of each of the expansible links 
1 3 are all connected to the foot portion 3 or the mounting 
plate 4a via the respective ball Joints 12, 14a, 14b, this 
is not limitative, but joints for use in connecting the links 
11, 13 to the foot portion 3 or the mounting plate 4a may 
be each implemented by any suitable joint which allows 
the link 1 1 or 1 3 to be con nected to the foot portion 3 or 
the mounting plate 4a such that the angle thereof with 
respect to the foot portion 3 or the mounting plate 4a 
can be changed in any desired direction. In short, any 
suitable joint having at least three degrees of freedom 
may be employed. For instance, joints, such as univer- 
sal joints, which can perfomn spherical motion may be 
used. Further, although in the first embodiment, the coil 
spring 13c is used as urging means for urging each of 



the expansible links 13 in opposite directions to respec- 
tive expanding and contracting directions of the expan- 
sible link 13, when the expansible link 13 expands and 
contracts, this is not limitative, but any urging means 

5 may be used which is capable of urging the expansible 
link 13 in an opposite direction to at least one of the ex- 
panding and contracting directions of the expansible link 
1 3. For instance, fluid springs, such as air springs, may 
be used as the urging means. Further, the number of 

10 the expansible links 1 3 is not limited to four, but any plu- 
ral number of the expansible links 13 may be used. 
[0069] Next, an artificial joint device 2 according to a 
second embodiment of the present invention will be de- 
scribed with reference to FIG. 8. It should be noted that 

?5 in the following description, component parts and ele- 
ments similar or equivalent to those of the first embod- 
iment are designated by identical reference numerals, 
and detailed description thereof is omitted when 
deemed appropriate. As shown in the figure, the artificial 

20 joint device 2 of the present embodiment is distin- 
guished from the artificial joint device 2 of the first em- 
bodiment only by having a different fixed link 11 . 
[0070] More specifically, the fixed link 11 is expansi- 
ble, and includes a cylinder 1 1 a a rod 1 1 and a coil spring 

25 11c (shock-absorbing member). The cylinder 11a has 
an upper end fixed to a mounting plate 4a and an open 
lower end. The rod 11 b is fitted in a bore of the cylinder 
11a such that the rod 11b can reciprocate within the 
bore, and has a lower end thereof connected to a foot 

30 portion 3 via a ball joint 12. 

[0071] Further, the rod lib has a flange lib formed 
on a portion upward of a connecting portion thereof via 
which the rod lib is connected to the ball joint 12. The 
coil spring 1 1 c is interposed between the flange 1 1 d and 

35 the cylinder 1 1 a in a state wound around the rod 1 1 d for 
urging the rod 1 1 b and the cylinder 1 1 a in a direction for 
expanding a space between the flange 1 1 d and the cyl- 
inder 11a 

[0072] According to the artificial joint device 2 con- 
"^0 structed as above, it is possible to use the urging force 
of the coil spring 11c to reduce a shock transmitted to 
the living body of a user wearing an artificial leg 1 via 
the fixed link 1 1 by a reaction force from the floor when 
the user puts the artificial leg 1 onto the floor while walk- 
45 ing. Further, this construction makes It possible to re- 
duce a burden on the user wearing the artificial leg 1 
including the artificial joint device 2, thereby further im- 
proving the user's feeling of wearing or using the artifi- 
cial leg 1 . 

50 [0073] Although in the above second embodiment, 
the coil spring 1 1 c is used as the shock-absorbing mem- 
ber for reducing the shock transmitted to the living body 
via the fixed link 11 , this is not limitative, but the shock- 
absorbing member may be implemented by any suitable 

55 means having a shock-absorbing property. For in- 
stance, a fluid spring, such as an air spring, or a syn- 
thetic rubber may be employed. 
[0074] Next, an artificial joint device according to a 
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third embodiment of the present invention will be de- 
scribed with reference to FIGS. 9A to 11 B. The artificial 
joint device of the present embodiment is applied to an 
artificial joint device for an ankle joint of an electrically 
controlled artificial leg and an artificial joint device for a 5 
joint at the ball of the foot. First, a description is given 
of the artificial joint device 2 for the ankle joint. This ar- 
tificial joint device 2 is distinguished from the artificial 
joint device 2 of the first embodiment in that it includes 
electrically-driven expansible links 1 3 and a control sys- 
tem 20 for controlling the expansible links 13. 
[0075] More specifically, as shown in FIGS. 10 and 
11 A, 11B, each of the expansible links 13 includes an 
electrically-driven artificial muscle 13d received in two 
cylinders 13a, 13b. The electrically-driven artificial mus- 
cle 1 3d (actuator) is fonried by a polymer actuator com- 
posed e.g. of polyacrylonitrlle. The electrically-driven ar- 
tificial muscle 1 3d expands and contracts in response 
to input signals to thereby expand and contract the ex- 
pansible link 13. Further, the electrically-driven artificial 
muscle 13d is a power regenerative type which produc- 
es regenerative electric power by being pressurized. 
[0076] The control system 20 includes a controller 21 
(control means), a power supply 22 (drive source), and 
a capacitor 23 (accumulator). The electrically-driven ar- 
tificial muscle 1 3d is connected to the power supply 22 
and the capacitor 23, via the controller 21 . The power 
supply 22 is formed e.g. by a fuel cell. Further, an implant 
chip 24 (operating will-detecting means) and a joint po- 
sition sensor 25 are connected to the controller 21 . 
[0077] The implant chip 24 is implanted in a brain 8 of 
a user 7 of an artificial leg 1 . The implant chip 24 detects 
an instruction from the brain 8, or more specifically an 
instruction representative of an operating will of the user 
7 to operate the artificial leg 1, and delivers a signal in- 
dicative of the sensed driver's operating will to the con- 
troller 21. Further, the joint position sensor 25 detects 
an angle position of each of the electrically-driven arti- 
ficial muscles 13d and delivers a signal Indicative of the 
sensed angle position to the controller 21 . 
[0078] The controller 21 is fomned by a microcomput- 
er, and controls electric power supplied to the electrical- 
ly-driven artificial muscles 13d from the power supply 
22 or the capacitor 23, in response to the detection sig- 
nals from the implant chip 24 and the Joint position sen- 
sor 25 (see FIG. 11 A) . Further, when the electrically- 
driven artificial muscles 13d are producing regenerative 
power by being pressurized, the controller 21 charges 
the capacitor 23 with the produced regenerative power 
and at the same time controls the amount of the regen- 
erative power (see FIG. 11B). 

[0079] Next, a description will be given of the artificial 
joint device 2A for the joint at the ball of the foot. The 
artificial joint device 2A includes a foot portions, a hallux 
(big toe) portion 16 and a parallel linkage 15, The par- 
allel linkage 15 is comprised of three expansible links 
17 and a movable link 19. 

[0080] The hallux portion 16 is comprised of two hal- 



lux members 1 6a, 1 6b (limb members) and a rotary joint 
16c for connecting the two hallux members 16a. 16b 
such that they are pivotable with respect to each other. 
[0081] The expansible links 17 are each constructed 
similarly to the electrically-driven expansible link 13 de- 
scribed above, except that the former is smaller In size 
than the latter. More specifically, as shown in FIG. 10, 
each of the expansible links 1 7 incorporates an electri- 
cally-driven artificial muscle 17d (actuator) connected to 
the controller 21 , and has its expanding/contracting op- 
eration controlled by the controller 21 . Further, each of 
the expansible links 17 has opposite ends thereof con- 
nected to the foot portion 3 and the hallux member 1 6b 
of the hallux portion 1 6, respectively, via respective ball 
joints 18, 18 (joints for the expansible link). 
[0082] The movable link 19 is inexpansible, and has 
opposite ends thereof connected to the foot portion 3 
and the hallux member 1 6b of the hallux portion 1 6, re- 
spectively, via respective ball joints 19a, 19a (joints for 
the movable link). Thus, the distance between connect- 
ing portions of the foot portion 3 and the hallux member 
1 6b via which the foot portion 3 and the hallux member 
16b are connected to the movable link 19, respectively, 
is held constant even when the expansible links 17 ex- 
pand or contract. 

[0083] According to the artificial joint device 2 for an 
ankle joint, constructed as above, the electrically-driven 
artificial muscle 13d Incorporated in each of the expan- 
sible links 13 can be controlled by the controller 21 in 
response to the detection signals from the implant chip 
24 and the joint position sensor 25, which makes it pos- 
sible to cause the motion of the electrically controlled 
parallel linkage 10, which is difficult to control directly by 
an instruction or the like from the brain of the user 7, to 
match (or conform with) a motion intended by the user 
7. In the thus- controlled motion, the angle of motion of 
the artificial joint device 2 of the artificial leg 1 can be 
changed by the parallel linkage 10 with a high degree 
of freedom. In particular, since the respective upper ball 
joints 14a of the expansible links 1 3 are arranged such 
that the ball joints 14a are not positioned in a line on the 
mounting plate 4a and that the connecting portion of the 
fixed link 11 via which the fixed link 11 connected to the 
mounting plate 4a is positioned within a quadrilateral de- 
fined by the upper ball Joints 14a as vertexes, It is pos- 
sible not only to twist the artificial Joint device 2 as illus- 
trated in FIGS. 7A, 78, but also to make the expansible 
links 13 and hence the artificial joint device 2, compact 
in size. 

[0084] Similarly to the artificial joint device 2 for an an- 
kle joint, the artificial joint device 2A for the joint at the 
ball of the foot is capable of controlling the electrically- 
driven artificial muscle 17d incorporated in each of the 
expansible links 17 by the controller 21 In response to 
the detection signals from the implant 24 and the joint 
position sensor 25, so that it is possible to cause the 
motion of the electrically controlled parallel linkage 15, 
which is difficult to control directly by an instruction or 
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the like from the brain of the user 7, to match (or conform 
with) a motion intended by the user 7. In the motion, the 
parallel linkage 15 makes it possible to achieve a high 
degree of freedom in changing the angle of motion of 
the joint at the ball of the foot of the artificial leg 1 where- 
by the motion of the hallux portion 16, which plays an 
important rote in turning motion of the artificial leg 1 dur- 
ing walking, can be approximated to that of the hallux of 
a living foot. Further, since the hallux member 1 6b of the 
hallux portion 16 is connected to the foot portion 3 via 
the Inexpanslble movable link 19, it is possible to bend 
the joint at the ball of the foot almost without changing 
the length of the hallux when the parallel linkage 15 is 
operated, to thereby further approximate the motion of 
the joint at the ball of the foot to that of the joint at the 
ball of the living foot. Thus, the walking motion, including 
the turning motion, by the automatically controlled arti- 
ficial leg 1 can be approximated to that of a living leg, 
thereby enabling smooth walking motion. 
[0085] Further, since most of the load applied to the 
artificial leg 1 can be supported by the fixed link 11 , it is 
possible to reduce the respective driving forces of the 
electrically-driven artificial muscles 13d for driving the 
corresponding expansible links 13, and reduce tho 
weight of the expansible links 13. In addition, it is pos- 
sible to produce regenerative power by each artificial 
muscle 13d when the corresponding expansible link 13 
is compressed, so that reduction of both power con- 
sumption and the size of the power supply can be 
achieved. This makes it possible to reduce not only run- 
ning costs but also the size of the device itself. 
[0086] Although in the above third embodiment, the 
implant chip 24 is used as detection means for detecting 
the signal indicative of the user's operating will, this is 
not limitative; but any suitable means capable of detect- 
ing a user's operating will may be employed as the de- 
tection means. For instance, it is possible to use a sen- 
sor for detecting changes in a potential of the nervous 
system, a sensor for detecting the movement of mus- 
cles, a sensor for detecting a user's voice, etc. 
[0087] Further, although in the third embodiment, the 
movable link 19 is used as means for preventing the 
length of the hallux from being changed during bending 
motion of the joint at the ball of the foot, the movable 
link 19 may be omitted, and expansion and contraction 
of the expansible links 1 7 may be controlled by the con- 
troller 21 to hold the length of the hallux almost constant 
during bending motion of the joint at the ball of the foot. 
This makes it possible to further approximate the bend- 
ing motion of the joint at the ball of the foot of the present 
embodiment to that of the joint at the ball of the living 
foot. 

[0088] Furthermore, although in the third embodi- 
ment, the capacitor 23 is used as an accumulator for 
storing regenerative power produced by the electrically- 
driven artificial muscles 13d, this is not limitative, but any 
suitable means, such as a battery, which Is capable of 
storing the produced regenerative power, may be used 



20 

as the accumulator. 

[0089] Moreover, although in the third embodiment, 
the artificial muscle 13d Is used as an actuator for ex- 
panding and contracting the corresponding expansible 

5 link 1 3, this is not limitative, but any suitable means ca- 
pable of expanding and contracting the expansible link 
1 3 may be used as the actuator. For instance, as shown 
in FIGS. 1 2A to 1 2C , a DC linear motor 30 may be used 
as the actuator for expanding and contracting the ex- 

10 pansible link 13. 

[0090] As shown in FIG. 1 2C. the DC linear motor 30 
includes a stator 31 and a mover 32 movable with re- 
spect to the stator 31 . The mover 32 includes a position 
sensor, and is connected to the controller 21. Further, 

15 as shown in FIGS. 12A, 12B, an expansible link 13 has 
the stator 31 as an ann and the mover 32 installed there- 
in, and further includes a slider 33 slidable with respect 
to the stator 31 , and ball joints 14a: 1 4b attached to re- 
spective ends of the stator 31 and the slider 33 on op- 

20 posite sides. 

[0091] The controller 21 controls the slider 33 in re- 
sponse to a signal from the position sensor of the mover 
32 within the slider 33 such that the slider 33 linearly 
moves with respect to the stator 31 , whcroby tho expan- 
ds sible link 13 is controlled for expansion and contraction. 
If the expansible links 1 3 each driven by the DC linear 
motor 30 described above are used in the parallel link- 
age 1 0, it is possible to obtain the same advantageous 
effects as provided by the parallel linkage 1 0 of the third 

30 embodiment. 

[0092] Further, when power regeneration by the actu- 
ator is not needed, the actuator may be implemented e. 
g. by an artificial muscle formed of a magnetic shape- 
memory alloy or a pneumatic-type artificial muscle. 

35 [0093] Further, in the third embodiment, the fixed link 
11 may be constructed similarly to the fixed link 11 in the 
second embodiment as shown In FIG. 13. More specif- 
ically, as shown in the figure, the fixed link 11 is expan- 
sible, and includes a cylinder 11a a rod 11b and a coil 

40 spring 1 1 c According to this variation of the parallel link- 
age 1 0 according to the third embodiment, the same ad- 
vantageous effects as provided by the parallel linkage 
10 of the second embodiment can be obtained. 
[0094] Next, an artificial joint device according to a 

45 fourth embodiment will be described with reference to 
FIG. 14. As shown in the figure, the artificial joint device 
of the present embodiment is applied to an artificial joint 
device for a wrist joint and a joint at a thenar of an arti- 
ficial arm. The artificial joint device 2B for the wrist joint 

50 of the artificial amn 40 is comprised of a hand portion 9 
(limb member), a mounting plate 4a, and a parallel link- 
age 10 connecting the hand portion 9 and the mounting 
plate 4a. The parallel linkage 10 is an electrically con- 
trolled type similar to the parallel linkage 1 0 of the third 

55 embodiment, and has its operation controlled by a con- 
trol system similar to the control system 20 described 
hereinabove. In short, the artificial joint device 2B is con- 
structed similariy to the artificial joint device 2 for an an- 
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kle joint according to the third embodinnent except that 
the foot portion 3 is replaced by the hand portion 9. 
[0095] Therefore, the artificial joint device 2B ror a 
wrist joint can provide the same advantageous efiects 
as obtained by the artificial joint device 2 of the third em- 
bodiment. IVIore specifically, the artificial joint device 2B 
makes it possible to cause the motion of the electrically 
controlled parallel linkage 10, which is difficult to control 
directly by an instruction or the like from the brain of a 
user, to match (or conform with) a motion intended by 
the user In the motion, it is possible to change the angle 
of motion of the artificial joint device 2B of the artificial 
arm 40 by the parallel linkage 10, with a high degree of 
freedom. 

[0096] An artificial joint device 2C for the joint at a th- 
enar is comprised of a hand portion 9, a thumb portion 
1 6, and a parallel linkage 1 5 connecting the hand portion 
9 and the thumb portion 1 6. The artificial joint device 2C 
is constructed similarly to the artificial joint device 2 for 
the joint at the ball of the foot according to the third em- 
bodiment except that the foot portion 3 is replaced by 
the hand portion 9 and thatthethumb portion 1 6 is slight- 
ly different in construction from the hallux portion 16. 
Therefore, the artificial joint device 2C for the joint at a 
thenar can provide the same advantageous effects as 
obtained by the artificial joint device 2A for the joint at 
the ball of the foot according to the third embodiment. 
More specifically, the artifl'^ial joint device 2C makes it 
possible to cause the motic n of the electrically controlled 
parallel linkage 15, which is difficult to control directly by 
an instruction or the lik'- '.-^m the brain of a user, to 
match (or conform with) a motion intended by the user. 
In the motion, the parallel linkage 15 makes it possible 
to achieve a high degree of freedom in changing the an- 
gle of motion of the joint at the thenar, and hence the 
motion of the thumb portion 1 6, which plays an important 
role in grasping motion, can be approximated to that of 
the thumb of a living hand. 

[0097] Although in the above third and fourth embod- 
iments, the artificial joint device of the invention is ap- 
plied to the artificial leg and the artificial arm, this is not 
limitative, but the artificial joint device is applicable to an 
artificial limb of a robot, a manipulator, and the like. 
[0098] It is further understood by those skilled in the 
art that the foregoing are preferred embodiments of the 
invention, and that various changes and modifications 
may be made without departing from the spirit and 
scope thereof. 

[0099] There are provided an artificial joint device that 
can realize an artificial limb enabling twisting motion 
without a drive source, and when with the drive source, 
reduce the size and costs of the device, and a parallel 
linkage that can realize the device. The linkage con- 
nects a foot portion and a mounting plate spaced from 
each other. A fixed link has one end fixed to the plate, 
and the other end connected to the foot portion via a ball 
joint, making the angle of the fixed link relative to the 
foot portion changeable in any direction. Expansible 



links extend between the foot portion and the plate in an 
expansible/contractible manner and each have oppo- 
site ends connected to the plate and the foot portion via 
respective upper and lower ball joints, making respec- 
5 tive angles thereof relative to the foot portion and the 
plate changeable in any direction. 



Claims 
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1. A parallel linkage for connecting two link mounting 
portions spaced from each other, comprising: 

a fixed link having one end thereof fixed to one 
^5 of the link mounting portions; 

a fixed-link joint for connecting another end of 
said fixed link to another of the link mounting 
portions such that an angle of said fixed link 
with respect to the another of the link mounting 
portions can be changed In any desired direc- 
tion; 

a plurality of expansible links extending be- 
tween the two link mounting portions in an ex- 
pansible/contractible manner; and 
a plurality of expansible-link joints respectively 
connecting opposite ends of said plurality of ex- 
pansible links to the link mounting portions such 
that respective angles of each expansible link 
with respect to the link mounting portions can 
be changed in any desired direction. 

2. A parallel linkage according to claim 1 , further com- 
prising urging members provided in said plurality of 
expansible links, respectively, each for urging a cor- 
responding one of said expansible links in at least 
one opposite direction to directions in which said ex- 
pansible link expands and contracts, when said ex- 
pansible link expands and contracts. 

3. A parallel linkage according to claim 1 , 
wherein said fixed link includes a shock-absorbing 
member for absorbing shock transmitted between 
the two link mounting portions. 

4. A parallel linkage according to claim 1 , 
wherein said plurality of expansible links are at least 
three expansible links. 

5. A parallel linkage according to claim 4, 
wherein said at least three expansible links are ar- 
ranged such that connecting portions thereof con- 
nected to at least one of the two link mounting por- 
tions are not in a line on the at least one of the two 
link mounting portions, and that a connecting por- 
tion of said fixed link is positioned within a polygon 
defined by the connecting portions of said at least 
three expansible links as vertexes. 
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6. A parallel linkage according to claim 4, further conn- 
prising: 

a drive source, 

actuators each for actuating a corresponding 
one of said at least three expansible links for 
expansion and contraction by a driving force 
supplied fronn said drive source, and 
control means for controlling said driving force 
supplied to said each actuator from said drive 
source. 

7. A parallel linkage according to claim 6, 

wherein said actuator is an electric actuator config- 
ured to produce regenerative power when said cor- 
responding expansible link is expanded and con- 
tracted by an external force, 

the parallel linkage further comprising an ac- 
cumulator for storing Ihe regenerative power pro- 
duced by said electric actuator. 

8. An artificial joint device comprising: 

two limb members spaced from each other; and 
a parallel linkage connecting said two limb 
members. 

9. An artificial joint device according to claim 8, where- 
in said parallel linkage comprises: 

a fixed link having one end thereof fixed to one 
of said limb members; 

a fixed-link joint for connecting another end of 
said fixed link to another of said limb members 
such that an angle of said fixed link with respect 
to the another of said limb members can be 
changed in any desired direction; 
a plurality of expansible links extending be- 
tween said two limb members in an expansible/ 
contractible manner; and 
a plurality of expansible-link joints respectively 
connecting opposite ends of said plurality of ex- 
pansible links to said limb members such that 
respective angles of each expansible link with 
respect to said limb members can be changed 
in any desired direction. 

10. An artificial joint device according to claim 9, further 
comprising urging members provided in said plural- 
ity of expansible links, respectively, each for urging 
a corresponding one of said expansible links in at 
least one opposite direction to directions in which 
said expansible link expands and contracts, when 
said expansible link expands and contracts. 

1 1 . An artificial joint device according to claim 9, where- 
in said fixed link includes a shock-absorbing mem- 
ber for absorbing shock transmitted between said 
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two limb members. 

12. An artificial joint device according to claim 9, where- 
in said plurality of expansible links are at least three 
expansible links. 

13. An artificial joint device according to claim 12, 
wherein said at least three expansible links are ar- 
ranged such that connecting portions thereof con- 
nected to at least one of said two limb members are 
not in a line on said at least one of said two limb 
members, and that a connecting portion of said 
fixed link is positioned within a polygon defined by 
the connecting portions of said at least three expan- 
sible links as vertexes. 

14. An artificial joint device according to claim 12, fur- 
ther comprising 

a drive source, 

actuators each for actuating a corresponding 
one of said at least three expansible links for 
expansion and contraction by a driving force 
supplied from said drive source, and 
control means for controlling said driving force 
supplied to said each actuator from said drive 
source. 

15. An artificial Joint device according to claim 14, 
wherein said actuator is an electric actuator config- 
ured to produce regenerative power when said cor- 
responding expansible link is expanded and con- 
tracted by an external force, 

the artificial joint device further comprising an 
accumulator for storing the regenerative power pro- 
duced by said electric actuator 

16. An artificial joint device according to claim 1 4, used 
in at least one of an artificial leg and an artificial arm, 
and 

further comprising operating will-detecting 
means for detecting a user's operating will to oper- 
ate the at least one of the artificial leg and the arti- 
ficial ami, and 

wherein said control means controls said ac- 
tuators according to the sensed operating will. 

1 7. An artificial joint device according to claim 8. where- 
in said parallel linkage comprises: 

an inexpansible movable link extending be- 
tween said two limb members, and 
two movable-link joints for connecting opposite 
ends of said Inexpansible movable link to said 
two limb members, respectively, such that re- 
spective angles of said inexpansible movable 
link with respect to said limb members can be 
changed in any desired direction. 
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18. An artificial joint device according to claim 8, used 
for a hallux portion, 

wherein said parallel linkage includes: 

at least three expansible links extending be- 
tween said two limb members in an expansible/ 
contractible manner, and 
a plurality of expansible-link joints respectively 
connecting opposite ends of said at least three 
expansible links to said limb members such that 
respective angles of each expansible link with 
respect to said limb members can be changed 
in any desired direction, 
the artificial joint device further comprising 

a drive source, 

actuators each for actuating a correspond- 
ing one of said at least three expansible 
links for expansion and conlraction by a 
driving force supplied from said drive 
source, and 

control means for controlling sard driving 
force supplied to said each actuator from 
said drive source. 
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19. An artificial joint device according to claim 8, 
for a thumb portion, 

wherein said parallel linkage includes: 



used 



spective angles of said inexpansible movable 
link with respect to said limb members can be 
changed in any desired direction. 

21. An artificial joint device according to claim 19, 
wherein said parallel linkage further comprises: 

an inexpansible movable link extending be- 
tween said two limb members, and 
two movable-link joints for connecting opposite 
ends of said inexpansible movable link to said 
two limb members, respectively, such that re- 
spective angles of said inexpansible movable 
link with respect to said limb members can be 
changed in any desired direction. 

22. An artificial joint device according to claim 18, 
wherein said control means controls said driving 
force supplied to said each actuator from said drive 
source such that a distance between said two limb 
members is held constant. 

23. An artificial joint device according to claim 19, 
wherein said control means controls said driving 
force supplied to said each actuator from said drive 
source such that a distance between said two limb 
members is held constant. 



20. 



at least three expansible links extending be- 
tween said two limb members in an expansible/ 
contractible manner, and 
a plurality of expansible-link joints respectively 
connecting opposite ends of said at least three 
expansible links to said limb members such that 
respective angles of each expansible link with 
respect to said limb members can be changed 
in any desired direction, 
the artificial joint device further comprising 

a drive source, 

actuators each for actuating a correspond- 
ing one of said at least three expansible 
links for expansion and contraction by a 
driving force supplied from said drive 
source, and 

control means for controlling said driving 
force supplied to said each actuator from 
said drive source. 

An artificial joint device according to claim 18, 
wherein said parallel linkage further comprises: 

an inexpansible movable link extending be- 
tween said two limb members, and 
two movable-link joints for connecting opposite 
ends of said inexpansible movable link to said 
two limb members, respectively, such that re- 
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